
Pion production cross-sections from E910 and MARS

Harold G. Kirk

Brookhaven National Laboratory

2nd International Workshop

on

Neutrino Beams and Instrumentation

Fermi National Accelerator Laboratory

September 6-9, 2000



T
h
e
N
e
u
t
rin

o
F
a
c
t
o
ry

F
ro
n
t
-e
n
d

S
c
h
e
m
e
A

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

������
������
������
������

������
������
������
������

�����
����

�
�����
����

�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�� �� �� �� ���� �� �� �� ��

target station

1st phase rotation

mini-cooling

long drift

0
.3

6.3
366

485
408

359
218

64
48

m
eters

proton beam

π
µ

buncher

matching drift

induction linac

cooling

S
c
h
e
m
e
B

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

������
������
������
������

������
������
������
������

������
������
������
������

�� �� �� �� ���� �� �� �� ���� �� �� �� ���� �� �� �� ��

0
.3

m
eters

proton beam

π
µ

cooling

buncher

long drift

matching drift

target station

µ

578
370

367
356

282
150

136
36

1st induction linac

2nd induction linac

mini-cooling







The Neutrino Factory Targets

� High Z option: 24 GeV protons on Mercury

� Low Z option: 16 GeV protons on Carbon











proton Au Interactions



proton Cu Interactions



proton Be Interactions



E910 Compared with MARS at 12.3 GeV/c

0.6

0.8

1

1.2

1.4

0 0.2 0.4 0.6 0.8 1 1.2

E
91

0/
M

A
R

S
 R

at
io

Longitudinal Momuntum, GeV/c

12.3 GeV Protons on Au

pi -
pi +

0.6

0.8

1

1.2

1.4

0 0.2 0.4 0.6 0.8 1 1.2

E
91

0/
M

A
R

S
 R

at
io

Longitudinal Momuntum, GeV/c

12.3 GeV Protons on Cu

pi -
pi +

0.6

0.8

1

1.2

1.4

0 0.2 0.4 0.6 0.8 1 1.2

E
91

0/
M

A
R

S
 R

at
io

Longitudinal Momuntum, GeV/c

12.3 GeV Protons on Be

pi -
pi +



E910 Compared with MARS at 17.5 GeV/c
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Summary

For incident 12-18 GeV proton-nucleus

interations

� In general, agreement with E910 and MARS

is quite good.
� For pions produced from 0.5 to 1.0 GeV/c,

pion production agrees to within 10%.
� For soft pions (p < 200 MeV/c), E910 has

� 20% more pions than MARS predicts.


